The new observation by ATLAS of an excited open beauty hadronic state, a B ± c meson with mass 6842 ± 4(stat)±5(syst) MeV consistent with expectations for the B ± c (2S) is reported.
Introduction
The discovery by ATLAS of the χ b (3P) onia state [2] is shown and a new observation of an excited B ± c meson in the second S-wave state [4] is presented.
The ATLAS detector and spectroscopy
The general purpose ATLAS detector has contributed significantly to B-physics spectroscopic studies. The Inner Detector with a 2 T magnetic field has a momentum resolution σ p T /p T = 3.8 x 10 −4 p T (GeV) ⊕ 0.015 and a pion momentum scale of ∼ 0.1% at low momentum to ∼ 1% at 100 GeV [1] . The track parameters are determined by the Inner Detector alone in the analysis here presented, however the ATLAS muon spectrometer is essential for the trigger and provides excellent offline muon identification. It is the success of the B-trigger which means that despite increasing luminosity it is possible to maintain an un-prescaled J/ψ → µ µ and ϒ → µ µ trigger without any lifetime cuts, even at high luminosity. Also the Inner Detector's excellent vertex resolution (30µm transverse and 50µm longitudinally) means that the primary vertex can be accurately reconstructed despite the pileup associated with higher luminosity. Thus ATLAS has high statistics in the di-muon B-physics channels. 1S) ) mass distributions where the γ does and does not convert in the Inner Detector respectively. The peaks correspond to the χ b (nP) → ϒ(1S, 2S) → µ µ + γ(e + e − ) decay chain. This was the first observation of the χ b (3P) excited onia state centered at a mass of 10.530 ±0.005(stat) ±0.009(syst) GeV.
Observation of the χ b (nP) states
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First observation of an excited B c meson
The ATLAS experiment reports the first observation of an excited B ± c state [4] , the ground state having been observed in both semi-leptonic and hadronic decay modes. The spectrum and properties of B ± c states are predicted by NRQCD and lattice calculations (see reference 5 in [4] ), so measurements of the ground and excited states will provide tests of the predictions of these models and ultimately provide the opportunity to extract information on the strong interaction potential.
Theory predicts [3] the excited state B ± c (2S) to be in the mass range 6835-6917 MeV and for the pseudo-scalar state to decay via the channel B ± c (2S 0 ) → B ± c (1S 0 ) + ππ. The excited vector state B ± c (2S 1 ) decays to the excited pseudo-scalar state B ± c (2S 0 ) via a soft undetectable γ so it is included in the same channel.
ATLAS 7 TeV and 8 TeV pp collision data are analysed separately having integrated luminosity of 4.9 and 19.2 f b −1 respectively. Monte-Carlo data is treated exactly as collision data; PYTHIA 6 data, tuned for the LHC, are used to generate exclusive B ± c channels and PYHIA 8 data are used to generate the inclusive J/ψX channels.
The B c (2S) candidates are found using kinematic fitting. Firstly a J/ψ → µ µ candidate is found by fitting two oppositely charged muons to a common vertex. Then a B c → J/ψ + π candidate is found by fitting the J/ψ and a hadronic track to another secondary vertex. Finally The uncertainties shown in these plots are statistical. The systematic uncertainties on the mass of the peak come mainly from two sources. Firstly the mass uncertainty on the B c ground state, which is largely removed by using the Q (mass difference) distribution, and secondly from the fitting of those distributions. The systematics to the Q distribution are investigated by varying the fit background model using either an exponential threshold function, or a higher order polynomial, by varying the fitted mass range from 0-700 to 0-1500 MeV, and by using alternative signal functions such as the Breit-Wigner (BW) function or the BW function convoluted with a Gaussian or double Gaussian. The alternative signal function has negligible effect but the details of the background function and fit range was found to contribute 3.4 MeV and 1.2 MeV respectively to the systematic uncertainty.
The signal significance is determined by generating a large number of toy Monte-Carlo experiments following the background only hypothesis, using the background parameters determined from the fit to the data and scaled to the dataset size. To accommodate the "look elsewhere" effect the fit is not confined to the theoretically expected mass range. The significance is calculated from the fraction of toy experiments for which the difference in the log likelihood ratio with and without a signal component is larger than for collision data. In conclusion a state has been observed with Q = 288.3 ± 3.5 ± 4.1 MeV corresponding to a mass of 6842 ± 4 ± 5 MeV. Its significance for the combined 7 and 8 TeV data is 5.2σ . This state is consistent with the NRQCD and lattice QCD predictions for the B ± c (2S) excited open beauty meson and so provides a test of those models.
